ABSTRACT.
To complement the epidemiological data and assist in the prophylaxis of Chagas disease in the State of São Paulo, we examined entomological lifting conducted in 40 municipalities of the Western region of the state from 2004 to 2008, highlighted the main vector species in this region, and reanalyzed the cytogenetic characteristics of Rhodnius neglectus from 3 different Brazilian states (Formoso/GO, Frutal/MG, Guaíra/SP, and Pitangueiras/SP). The municipalities of Castilho and Santo Antônio do Acaranguá registered the highest relative amounts of notifications. The main species notified
INTRODUCTION
Triatomines belong to the Hemiptera order, Heteroptera suborder, Reduviidae family, and Triatominae subfamily (Lent and Wygodzinsky, 1979) . The Triatominae subfamily is composed of 148 species distributed in 18 genera and 6 tribes (Tartarotti et al., 2006; AbadFranch et al., 2013; Alevi et al., 2013a; Poinar, 2013) . All triatomine species are hematophagous and potential vectors of Chagas disease. During the repast, these insects can become infected with the etiologic agent of Chagas disease Trypanosoma cruzi, a protozoan that can be transferred between hosts by these vectors (Noireau et al., 2009 ).
This disease is regarded as the second most endemic disease in Latin America. Approximately 8 million people are infected with T. cruzi worldwide, and approximately 2.5 million people are infected in Brazil (Neto and Pasternak, 2009; WHO, 2013) . Because there is no specific treatment for Chagas disease, control of vector populations is the main method used for minimizing the incidence of this disease, which has recently been referred to as "the new acquired immunodeficiency syndrome (AIDS) of the Americas" (Hotez et al., 2012) .
Currently, 65 triatomine species have been identified in Brazil ) and were found to be involved in the transmission of Chagas disease, highlighting Triatoma infestans, Panstrongylus megistus, Triatoma brasiliensis, Triatoma sordida, Triatoma pseudomaculata, and Rhodnius neglectus (Dias and Schofield, 1998; Silistino-Souza et al., 2013) . After the International Certification of Elimination of Chagas Disease Transmission by T. infestans, conferred by the Pan American Health Organization, other species were found to be involved in the transmission of Chagas disease in the State of São Paulo; for T. sordida, P. megistus, and R. neglectus, recent entomological lifting showed a high incidence of these hemipterans inhabiting peri and intradomiciliary regions and, in some cases, were infected with T. cruzi (Wanderley et al., 2007; Silva et al., 2011; Silistino-Souza et al., 2013) .
R. neglectus is important in the enzootic transmission of T. cruzi and T. rangeli (Gurgel-Gonçalves et al., 2004; Gurgel-Gonçalves and Cuba, 2009) , and was recently found by different authors to inhabit palm trees in urban areas (Carvalho et al., 2014; Rodrigues et al., 2014) . These insects have been observed in 13 Brazilian states, including Bahia, Distrito Federal, Goiás, Maranhão, Minas Gerais, Mato Grosso do Sul, Mato Grosso, Pernambuco, Piauí, Paraná, Rio de Janeiro, São Paulo, and Tocantins (Gurguel-Gonçalves et al., 2012) . In Minas Gerais, São Paulo, and Goiás, evidence exists of colony formation in domiciliary regions (Barretto et al., 1968; Silva et al., 1999; de Oliveira and Silva, 2007; Silistino-Souza et al., 2013) .
Cytogenetic analysis has shown to be an important cytotaxonomic tool for the differentiation of triatomines (Alevi et al., 2012a,b; 2013b, c, d, e; . Barth (1956) described the karyotype of R. neglectus as 2n = 22 (20A + XY). The study also described some characteristics of the chromosomes of this vector, such as the size of the autosomes (3 pairs large + 6 medium + 1 small) and sex chromosomes (Y slightly bigger than X). Dujardin et al. (2002) described the pattern of constitutive heterochromatin of species and observed that R. neglectus only presented heterochromatin in the Y sex chromosome. However, Santos (2010) analyzed a population of Tocantins and reported that the species has heterochromatic blocks at the end of some autosomes.
In order to complement the epidemiological data and assist in the prophylaxis of Chagas disease in the State of São Paulo, we conducted an entomological lifting study in 40 municipalities of the Western region of the state from 2004 to 2008, highlighted the main vector species in this region, and reanalyzed the cytogenetic characteristics of R. neglectus in 3 different Brazilian states.
MATERIAL AND METHODS
The analysis of the triatomines fauna of the Western region of the State of São Paulo was obtained from reports of triatomines by the population received from 2004 to 2008 by the Superintendência de Controle de Endemias (SUCEN) of Araçatuba. The SUCEN of Araça-tuba is responsible for monitoring the 40 counties west of São Paulo (Alto Alegre, Andradina, Araçatuba, Auriflama, Avanhandava, Barbosa, Bento de Abreu, Bilac, Birigui, Braúna, Brejo Alegre, Buritama, Castilho, Clementina, Coroados, Gabriel Monteiro, Glicério, Guaraçaí, Guararapes, Guzolândia, Ilha Solteira, Itapura, Lavínia, Lourdes, Luiziânia, Mirandópolos, Murutinga do Sul, Nova Castilho, Nova Independência, Nova Luzitânia, Penápolis, Pereira Barreto, Placatú, Rubiácea, Santo Antônio do Aracanguá, Santopolos do Aguapeí, Sud Mennuci, Suzanópolis, Turiúba, and Valparaíso) (Figure 1 ). The insects found in these locations were collected and sent for laboratory exams to identify possible triatomines infected by the parasite T. cruzi. The feeding habits of insects collected were analyzed in the Laboratory of Chagas from SUCEN, located in Mogui Guaçu, São Paulo, Brazil. Based on the notifications registered by SUCEN from 2004 to 2008 in 40 counties, we calculated the mean, median, standard deviation, minimum, and maximum of the following variables: notification, triatomines captures, and examined species captured. For comparison between municipalities, we constructed 2 graphs using the data to the scale of the standardized measure by transformation: variable frequency X divided by the population density of the municipality. The statistical software Minitab for Windows version 14.0 was used.
Based on information about the triatomines collected by SUCEN, we constructed 3 tables. Table 1 shows the relationship between collected specimens and infected specimens, based on the total number of insects collected in the 40 municipalities. Tables 2 and 3 show the relationship between vectors infected with the type of host based on blood found in the insect gut. After inspecting each notification site, the SUCEN performed nebulizations with insecticides.
For cytogenetics analysis, at least 10 specimens of adult male R. neglectus from each locality (Formoso/GO, Frutal/MG, Guaíra/SP, and Pitangueiras/SP) were analyzed cytoge-netically using lacto-acetic orcein (De Vaio et al., 1985 , with modifications according to Alevi et al., 2012a) and C-banding (Sumner, 1972) . Figure 1 shows the average, minimum, and maximum of notifications from each municipality. The municipalities of Castilho and Santo Antônio do Acaranguá registered the highest relative numbers of notifications. In addition, in the municipalities of Alto Alegre, Glicério, Guaraçaí, Itapura, Muritinga do Sul, and Nova Independencia, the number of notifications was higher than in other municipalities (Figure 2) . The main species notified by SUCEN in Western São Paulo were T. sordida and R. neglectus. Table 1 shows that the capture of T. sordida was much more frequent than that of R. neglectus. Based on the specimens collected, the SUCEN conducted tests of infection by T. cruzi (Table 1) . A large number of T. sordida was collected in 2005 and, mainly, notification of infected insects was absent in 2008.
RESULTS

Entomological lifting
Based on the triatomines infected shown in Table 1 , the SUCEN performed blood tests to detect the host on which the contaminated insect showed hematophagy. In Triatoma sordida the presence of human blood, possum blood, rodent blood, and bird blood were notified ( Table  2) , and in R. neglectus was reported dog blood (Table 3 ). 
Cytogenetic analysis
Cytogenetic analysis of the chromosome number and structure of the 4 populations was identical to that described by Barth (1956) (Figure 4) . However, variations in the size of chromosomes as described by Barth (1956) were very small. The heterochromatic pattern was also identical to that described by Dujardin et al. (2002) (Figure 5 ). As all populations showed the same characteristics, we represent the heterochromatic pattern of populations of R. neglectus using one images of leptotene ( Figure 5A ) and one of diplotene ( Figure 5B ). The presence of heterochromatic blocks dispersed in the nucleus during leptotene and the presence of heterochromatic blocks during chromosome condensation (diplotene) would be easily detected if they were present in the chromosomes of R. neglectus. 
DISCUSSION
In 1979, Forattini et al. (1979) reported the presence of P. megistus, T. sordida, and R. neglectus in the state of São Paulo. Of the total species collected, 2280 nymphs were P. megistus, 8009 were T. sordida, and 100 were R. neglectus, and 19, 9, 9.4, and 2% were observed in the same household regions.
Silva et al. (2010) Fortunately, all were negative for T. cruzi, as 3 nymphs were detected with human blood. In 2007, the authors studied the dispersion of R. neglectus in Araçatuba city and observed that of the 34 palm trees examined, 25 were infected with R. neglectus, allowing for the collection of 357 species. It is thought that palm trees function as bridges to infestation of buildings by R. neglectus. Silva et al. (2003) surveyed 21 municipalities in the region of Araçatuba from 1990 to 1999. In 20 municipalities analyzed, the predominant species was T. sordida. This species was detected mainly in the peridomicile regions, which may result in future colonization of domicile regions (Diotaiuti et al., 1994; Dias and Schofield, 1998) . In the 2004-2008 survey, the main species in the Western region of the State of São Paulo also were T. sordida and R. neglectus. Of the 19,434 specimens collected, approximately 95% were also T. sordida. In the 40 municipalities analyzed, the vector in the domiciliary region was absent. According to Silistino-Souza et al. (2013) , populations of T. sordida of Brazil may show from cryptic speciation, allowing for better adaptation of this vector to different environments.
Of the specimens of T. sordida and R. neglectus collected, approximately 0.17 and 0.4% were infected with T. cruzi. Although these percentages are low, and in 2008 no speci-mens collected were found to be infected by the protozoan, it is important to continue the supervision of vector control programs as a prophylactic measure against Chagas disease, as the vectors are present in the State São Paulo.
In 32 exemplars of T. sordida contaminated by T. cruzi were detected mainly human, opossum and rodent, and bird blood. This test allows analyzing the organisms that are functioning as vertebrate hosts and possibly as reservoirs for T. cruzi. Birds are refractory and resistant to infection by T. cruzi, making it difficult for these vertebrates to operate as reservoirs of Chagas disease (Kierszenbaum et al., 1976) .
The elimination of T. infestans has vacated new niches, and species of secondary importance in the transmission of Chagas disease, such as R. neglectus, were considered sylvatic and passed to domiciliary regions. The domiciliation process of triatomines can lead to chromosomal alterations, as observed by Panzera et al. (2004) to T. infestans. However, analysis of the 4 populations of R. neglectus revealed that these organisms had no intraspecific variation. Although we do not discard the possibility of polymorphism, the holocentric nature of chromosomes of the triatomines and small size of the chromosomes in the genus Rhodnius may have led to an incorrect interpretation of the heterochromatic pattern in the population of R. neglectus of Tocantins.
We surveyed the entoepidemiological data regarding Chagas disease in the Western region of the State of São Paulo from 2004 to 2008. These data are complementary to the survey conducted from 1990 to 1999, as the vector species were the same (T. sordida and R. neglectus). We corroborate the possibility of future colonization of domiciliary regions and we underscore the importance of vector control programs for the prophylaxis of Chagas disease. Furthermore, the populations of R. neglectus in Brazil showed no intraspecific variation and we corroborate the chromosomal patterns originally described by Barth (1956) and Dujardin et al. (2002) for the species R. neglectus. These data are important for understanding the evolution of these hematophagous insects, which are vectors of Chagas disease.
